The contribution of surface feature continuity to object-based inhibition of return (IOR) was tested in three experiments. Participants executed a saccade to a previously fixated or unfixated coloured disk after the object had moved to a new location. Object-based IORwas observed as lengthened saccade latency to a previously fixated object. The consistency of surface feature (colour) and spatiotemporal information was manipulated to examine the feature used to define the persisting objects to which inhibition is assigned. If the two objects traded colours during motion, object-based IOR was reliably reduced (Experiment 2), suggesting a role for surface feature properties in defining the objects of object-based IOR. However, if the two objects changed to new colours during motion, object-based IORwas preserved (Experiment 1), and colour consistency was not sufficient to support object continuity across a salient spatiotemporal discontinuity (Experiment 3). These results suggest that surface feature consistency plays a significant role in defining object persistence for the purpose of IOR, although surface features may be weighted less strongly than spatiotemporal features in this domain.
saccadic suppression, blinks, and occlusion). Yet, despite the instability of visual input, there is a pressing need to keep track of objects in the world as stable, continuous entities. A dog observed to be snarling at one moment must be perceived at some later point as the same dog in order for knowledge about its temperament to guide intelligent interaction. When searching for a friend among passengers exiting a train, a previously attended stranger must be treated as the same person across movement and disruption to avoid directing attention back to him. To perceive the world as continuous and not generated anew upon each fixation, an object at one retinal location before a saccade must be treated as the same object when it appears at a different retinal location after the saccade. Each of these examples instantiates the correspondence problem in vision: How does the visual system establish the mapping, or correspondence, between individual objects across change and disruption so as to treat environmental objects as stable, persisting entities?
There are two main sources of information that could be used to compute object correspondence. First, correspondence could be computed on the basis of an object's spatiotemporal features. If an object's location over time is consistent with the interpretation of a continuous entity, then object correspondence can be established (e.g., Kahneman, Treisman, & Gibbs, 1992) . For example, if an object appears at a new location in a manner that is consistent with a unique entity travelling on a continuous motion trajectory, it can be perceived as a single object. Or, if an object disappears momentarily behind an occluder, it can be treated as the same object if its postocclusion position is consistent with its spatiotemporal history. Second, correspondence could be computed on the basis of an object's surface features, such as shape, colour, size, and texture. If an object's surface features are continuous across time, change, or disruption, then object correspondence could be established. For example, if an object visible after a saccade shares the shape and colour of an object appearing before a saccade, it could be treated as a single, continuous object. Or, if an object's surface features are consistent across a brief occlusion, the object could be interpreted as continuous (e.g., if one's own dog, containing all the surface features known to be associated with that dog, walks behind a tree and then reemerges, it will plausibly be treated as the same dog regardless of whether it appears from the expected or unexpected side given its motion history).
Despite the availability of multiple cues for computing object correspondence, the dominant view for many years has been that spatiotemporal features of an object are central to correspondence operations and that the surface features of an object are consulted only after correspondence has already been established on the basis of spatiotemporal continuity (Kahneman et al., 1992) or consulted only when spatiotemporal information is unavailable or ambiguous (Flombaum, Scholl, & Santos, 2009 ). The evidence cited in favour of this view has been obtained from a range of content areas and experimental paradigms (for a review, see Flombaum et al., 2009) , organized by the theoretical framework proposed by Kahneman et al. (1992) . In Kahneman et al.'s object-file theory, objects are proposed to be defined by their spatial positions over time, indexed by spatial markers which are content independent (e.g., Pylyshyn, 2000) . If an object moves or its representation is disrupted, the marker can bridge the change or gap, and the representation is reassigned to the original object on the basis of its spatiotemporal consistency. An object that is assigned the same spatial marker that it had originally is then treated as functionally continuous. The content associated with the spatial index (such as object surface features) can be retrieved only after spatiotemporal correspondence has been established and thus cannot play a primary role in the initial computation of correspondence.
Empirical evidence supporting the object-file theory comes primarily from the object-reviewing paradigm (Kahneman et al., 1992) . In this paradigm, two preview letters are briefly presented in two objects. Then, the objects move to new locations and a test letter appears in one of them. The typical finding is that participants are faster to name the test letter if it appears in the same object as it had previously (referred as ''the objectspecific preview benefit''). In a modified version of this paradigm, Mitroff and Alvarez (2007) manipulated both spatiotemporal and surface feature continuity of the objects. In their spatiotemporal condition, the letters appeared in two identical empty boxes, after which the boxes moved to new locations and a letter appeared in one of them (as in the original objectreviewing experiment). The task was to report whether the test letter had appeared in the preview display. In their feature condition, the preview letters appeared in objects with different surface features (e.g., a blue square with a hole and a red circle). The object positions were changed in a single step, eliminating spatiotemporal continuity, followed by the test display. Mitroff and Alvarez found an object-specific preview benefit only for the spatiotemporal condition, suggesting that spatiotemporal information was dominant in object correspondence. Specifically, they suggested that when spatiotemporal continuity is ambiguous, surface feature continuity is not sufficient to produce a persisting object representation.
Although spatiotemporal continuity has been regarded as the primary information used in object correspondence, a growing body of evidence demonstrates that surface features are also consulted in correspondence operations. Using a modified version of the Mitroff and Alvarez paradigm, Hollingworth and Franconeri (2009) showed that surface feature continuity can generate an object-specific preview benefit typically found under conditions of spatiotemporal continuity. Participants saw two coloured objects which initially contained novel preview shapes for a brief duration as the objects moved behind an occluder. After a brief delay, the occluder was removed, making the two objects visible with a novel test shape in each object. The task was to indicate whether the two test shapes were the same as the preview shapes, regardless of their positions or the colour of the objects in which they appeared. A significant object-specific preview benefit was found when the test shapes were present in the original objects as defined by spatiotemporal history. Importantly, a significant object-specific preview benefit was also found when the test shapes were present in the original objects as defined by surface feature history (colour). Further, colourconsistency effects were found even when spatiotemporal information was discontinuous, suggesting that colour can drive object correspondence even in the presence of conflicting spatiotemporal information. This key finding has been extended by Moore, Stephens, and Hein (2010) . In a direct replication of the Mitroff and Alvarez method, Moore et al. found a significant surface-feature consistency effect when the objects were moved, in a single step, to new locations.
There are two limitations, however, inherent in the object reviewing paradigms used to test the relative contributions of spatiotemporal and surface features. First, the performance measure concerns a secondary feature (letters or shapes that appear briefly within the objects) that may be only indirectly associated with the primary objects whose continuity is being manipulated. Second, recent versions of the object-reviewing paradigm have depended on explicit memory for the task-relevant, secondary features of the objects (Hollingworth & Franconeri, 2009; Mitroff & Alvarez, 2007; Noles, Scholl, & Mitroff, 2005) .
1 Participants are required to remember the letters or shapes that appear within the objects and report, explicitly, whether those features are present in the test display. Such explicit memory for object features may not be entirely characteristic of the type of rapid, online correspondence operations that occur in natural vision (see Mitroff, Scholl, & Wynn, 2005) .
In the present study, we measured object correspondence with a more direct paradigm, using a performance measure (saccade latency to an object) that requires direct orienting to the manipulated object itself. In addition, the task did not require explicit memory or conscious report, providing a measure of object correspondence without the requirement to explicitly retain secondary stimuli associated with the manipulated object.
PRESENT STUDY
We tested the contribution of each type of information within an object-based inhibition of return (IOR) paradigm. Briefly, inhibition of return is delayed stimulus detection at and/or delayed orienting to a previously attended location (Posner & Cohen, 1984) . Object-based IOR is observed when a scene contains moving stimuli instead of stationary objects. In this case, inhibition is assigned to a particular object and can be observed even after the object moves to another location (Tipper, Weaver, Jerreat, & Burak, 1994) . In a standard object-based IOR paradigm, participants are presented with a display containing multiple objects. Attention is cued to one of the objects and then directed back to the centre. The objects then move to occupy new locations. Finally, a target appears in either the cued (i.e., previously attended) or an uncued (i.e., previously unattended) object. The typical finding is that participants are slower to detect the target in the cued object than in an uncued object. Object-based IOR has been found both when the participants were required to shift gaze to the target object (i.e., overt shifts of attention; Abrams & Dobkin, 1994 ) and when they were required to fixate the centre of the screen throughout the trial (i.e., covert shifts of attention; Tipper et al., 1994) . Because this type of inhibition is object specific, it provides a direct measure of object correspondence. Specifically, a significant object-based IOR effect should only be observed when the visual system treats the previously attended object as the same object across a change in its location. The object-based IOR paradigm does not require the explicit report of object features or report of conscious experience; all that is required is simple detection of an unrelated target (Tipper et al., 1994) or orienting to the target object (Abrams & Dobkin, 1994) . 2 We developed a modified version of the object-based IOR paradigm (see Figure 1 ). At the beginning of each trial, participants were instructed to fixate on a centre dot. Two coloured disks appeared on opposite sides of fixation, separated by 1808. One of the disks was cued (see Methods), and participants were required to execute a saccade to that disk. After fixation of the cued object, the central dot was cued, and participants executed a saccade back to the centre of the display. Next, the coloured disks moved smoothly to new locations. A small target dot then appeared in either the cued or uncued disk. Participants were instructed to execute a saccade to the target object as quickly as possible. Participants' eye movements were recorded, and saccade latency to the target object was used as the dependent measure, with object-based IOR indicated by slower saccadic reaction times when the target was the previously fixated object compared with the unfixated object.
To probe the contributions of surface feature and spatiotemporal continuity, both sources of information were systematically manipulated in three experiments. In Experiments 1 and 2, we kept spatiotemporal information consistent but changed the objects' surface feature information (i.e., colour) while they were moving to new locations. In Experiment 3, surface feature information was kept consistent, but we introduced a spatiotemporal discontinuity by eliminating the linking motion between the objects' original and new positions.
EXPERIMENT 1
In Experiment 1, we examined the effect of surface feature continuity on object correspondence by changing the objects' surface features while they were moving to new locations. For half of the trials, the objects retained their original colours throughout the trial (no change), whereas for the other half, the objects' colours were changed to novel colours while moving to new locations (colour change). The colour change trials introduced a salient change in the surface features of the objects during motion. Moore, Mordkoff, and Enns (2007) found that such a salient surface feature change results in disruption of perception of a single, continuous object, even when the spatiotemporal continuity is consistent with a single object perception.
With the same reasoning, it was expected that IOR would not be observed for the colour-change trials because the objects would not be treated as the same objects that were present (and attended) at the start of the trial.
Method
Participants. Twenty-one undergraduate students from the University of Iowa participated for course credit. All participants had normal, noncorrected vision. Data from one participant was excluded from the analyses due to failure to comply with the instruction to consistently generate a saccade to the cued object and then back to the centre prior to object motion.
Stimuli and apparatus. The experimental display consisted of a black fixation dot that subtended 0.68 of visual angle and two peripheral colour disks that subtended 1.648 and were centred 9.898 from the fixation disk. The background was a neutral grey (RGB: 148, 148, 148). The peripheral disks appeared at a random location on an imaginary circle, 1808 opposite of each other. Two of the following colours were randomly selected for peripheral disks' initial colours: Blue (RGB: 18, 18, 255), green (RGB: 0, 138, 0), red (RGB: 220, 18, 18), and orange (RGB: 222, 111, 0). The target dot subtended 0.28 (RGB: 148, 148, 148) , and appeared at the centre of one of the disks.
Stimuli were displayed to the participants on a 17-inch CRT monitor with a 120 Hz refresh rate. Eye position was monitored by a video-based, Eyelink 2000 eyetracker sampling at 1000 Hz. The experiment was also displayed on another monitor to give the experimenter real-time feedback and to allow for recalibrations as necessary. A chin-and forehead-rest was used to ensure a 70 cm viewing distance and to minimize head movements. Stimulus presentation was controlled by E-Prime software. All images were preloaded into graphics memory at the beginning of each trial. The onset of each stimulus was synchronized to the monitor's vertical retrace.
Procedure. The sequence of events for each trial is presented in Figure 1 . At the beginning of the experiment, the eyetracker was calibrated with a 9-point calibration procedure, and the calibration was repeated during the experiment when necessary. At the beginning of each trial, participants were instructed to fixate the central, black fixation dot, whereupon the experimenter initiated the trial. Three hundred milliseconds after the start of the trial, the screen was replaced with a preview array consisting of the central fixation dot and two peripheral colour disks. After 1000 ms, one of the peripheral disks was cued: It expanded in two steps to 140% of its original size and contracted in two steps back to its original size. The duration of the cue event was 50 ms. The cued disk was chosen randomly. Participants executed a saccade to the cued object. Four hundred milliseconds after the peripheral cue, the centre dot was cued for 300 ms by turning it white, and participants shifted gaze back to the centre. After another 200 ms of delay, the peripheral disks began rotating 908 (in polar coordinates) in a clockwise direction which lasted for 250 ms. The motion was completed across 30 frames (8.3 ms/frame), with 38 of movement in each frame. That is, each disk was shifted 38 in each frame, with the disk at the previous position erased. For no-change trials, the disks retained their original colours throughout the trial. For colour-change trials, the disks' colours were changed at the 24th frame of the motion, and continued with the changed colours until the end of the trial. Two hundred and fifty milliseconds after the completion of the motion sequence, the target dot appeared in the centre of either the cued or uncued object. Participants executed a saccade to the object in which the target dot appeared as quickly as possible. The target dot remained on the screen for 1000 ms. By convention, we defined the cued and uncued objects in the target display by their spatiotemporal continuity, regardless of their surface feature continuity.
The design of Experiment 1 was 2 (colour change: No-change, change) )2 (target location: Cued object, uncued object). Both factors were within subjects and there were 72 trials in each condition for a total of 288 test trials. The practice block consisted of 12 trials, and was not included in the analyses. Trial type was randomized for all subjects.
Data analysis. Eyetracking data analysis was conducted offline using dedicated software. A velocity criterion (eye rotation ! 318/s) was used to define saccades. The latency of the saccade from the centre dot to the target object was the dependent measure in all of the analyses. Trials in which the participant was not at fixation when the target dot appeared or did not make a saccade to the target were excluded from the analysis. After inspection of the latency distribution, latencies faster than 110 ms were eliminated as likely anticipations (2.1% of the data), and latencies slower than 450 ms were also eliminated as outliers for saccadic orientation to a simple onset (0.5% of the data). The same saccade latency trimming was calculated for all of the experiments. A total of 21.4% of the trials were eliminated from the analyses of Experiment 1.
Results and discussion
Mean saccade latency data are reported on Figure 2 . A 2 (colour change) )2 (target location) repeated measures ANOVA was conducted to determine whether participants were slower to initiate the saccade to the target when it appeared in the cued object than in the uncued object, and whether colour change had an effect on the latencies. The analyses revealed a significant main effect of target location, with participants executing significantly slower saccades to the cued object compared to the uncued object, F(1, 19) 015.91, p0.001. Neither the main effect of colour change nor the Colour change )Target location interaction were significant (Fs B1), indicating that colour change did not have any effect on the magnitude of IOR.
Separate comparisons showed that participants were slower to execute a saccade to the cued object than the uncued object both when the objects' colours remained the same throughout the trial, F(1, 19) 09.49, p0.006, and when they were changed to new colours during motion, F(1, 19) 015.04, p0.001. Specifically, an 8.3 ms IOR effect was observed for the no-change condition and a 6.5 ms IOR effect was observed for the colour-change condition. In each data figure, error bars are 95% within-subject confidence intervals based on the error term of the object effect in each of the colour-change conditions.
In Experiment 1, the aim was to test whether a salient surface feature discontinuity would disrupt object correspondence. We tested this hypothesis using an object-based IOR paradigm and induced a colour change while the objects were moving to new locations. Contrary to what was predicted, the results showed that a salient change in colour was not necessarily sufficient to disrupt the object-based IOR effect. In this situation, participants used objects' spatiotemporal continuity to compute correspondence when colour information was not reliable.
EXPERIMENT 2
A limitation of Experiment 1 was that on colour-change trials, colour was uninformative with respect to object continuity. That is, the new colours of the objects did not bear any relationship to the objects' original colours. Thus, surface feature information may have been discounted in Experiment 1 because there was often no systematic relationship between the colours before and after motion. In contrast, position information before and after motion was always systematically related given that the objects travelled on smooth paths to the new locations.
In Experiment 2, we modified the paradigm so that colour would be informative with respect to object correspondence and could be used to map the objects before and after motion on every trial. To accomplish this, the objects swapped colours during motion instead of changing to new colours. Therefore, the same colours were present throughout the trial but they were assigned to different objects before and after motion. This created an ambiguity in the target display: On colour-swap trials, the cued object on the basis of spatiotemporal continuity and the cued object on the basis of surface feature continuity were different objects. Thus, the competition between spatiotemporal and surface feature information in this paradigm affords a comparison of the contributions of both surface feature and spatiotemporal information in computing correspondence. Note that for the sake of consistency, the same-and different-object conditions continue to be defined by spatiotemporal continuity. In this version of the experiment, however, correspondence is ambiguous. The ''same'' object for the purpose of IOR could either be the object with continuous spatiotemporal features as the cued object or the object with continuous surface feature (i.e., colour) as the cued object.
Again, it was hypothesized that if both surface feature and spatiotemporal information are used in establishing object correspondence, then the magnitude of IOR effect should either be eliminated or reduced when the objects swap colours.
Method
Participants. Twenty-one undergraduate students from the University of Iowa participated for course credit. All participants had normal, uncorrected vision. Data from two participants were excluded from the analyses for the same reason as in Experiment 1. None of the participants had taken part in Experiment 1.
Stimuli and apparatus. The same stimuli used in Experiment 1 were used here, with the exception that the disks' colours were randomly selected from the following colours: Blue (RGB: 18, 18, 255), green (RGB: 0, 138, 0), and red (RGB: 220, 18, 18). For the colour-swap condition, the disks swapped colours at the 24th frame, continued moving with the swapped colours during the last six frames of the motion, and remained with the swapped colours until the end of the trial ( Figure 1B) . The no-swap condition was exactly the same as no-change condition of Experiment 1 ( Figure 1A ).
Procedure. The procedure was the same as in Experiment 1. A 2 (colour swap: No-swap, swap))2 (target location: Cued object, uncued object) within-subjects design was used. Similar to Experiment 1, for the purpose of data report, the cued and uncued objects were labelled by their spatiotemporal continuity. There were 288 test trials (72 trials in each condition) and 12 practice trials which were not included in the analyses.
Data analysis. As in Experiment 1, trials in which the participant was not fixating the central fixation when the target dot appeared or did not make a saccade to the target were excluded from the analysis. Latencies faster than 110 ms (5.2% of the data) or slower than 450 ms (1.4% of the data) were also eliminated. A total of 24.8% of the trials were eliminated from the analyses of Experiment 2.
Results and discussion
Mean saccade latency data are presented on Figure 3 . Saccade latencies were analysed in a 2 (colour swap))2 (target location) repeated measures ANOVA. The analysis showed a significant main effect of target location, F(1, 18) 011.69, p0.003. There was no main effect of colour swap (F B1).
SURFACE FEATURE CONTINUITY
Importantly, the colour swap and target location conditions produced a reliable interaction, F(1, 18) 05.26, p 0.034, with the magnitude of the object-based IOR effect in the colour-swap condition (3.8 ms) being significantly smaller than the magnitude of object-based IOR effect in the no-swap condition (11.8 ms).
Separate comparisons showed that participants were slower to execute a saccade to the cued object relative to the uncued object when there was no colour swap, F(1, 18)014.41, p0.001, but not when the objects swapped colours, F(1, 18) 01.78, p0.20. When both spatiotemporal and surface feature continuity were preserved in the no-swap condition, a significant IOR effect was observed, replicating Experiment 1. However, when the disks swapped colours, this change in surface features disrupted IOR, suggesting that surface feature continuity plays a significant role in defining the objects of objet-based IOR.
In Experiment 2, a significant reduction of object-based IOR was observed when the two objects swapped colours during motion, demonstrating that surface feature consistency plays a significant role in defining object persistence for the purpose of IOR. We consider two plausible explanations for this effect. They need not be mutually exclusive. First, a salient change in surface features might have disrupted the computation of object correspondence, eliminating the mapping of objects across motion and thus eliminating object-based IOR. Second, inhibitory tags might be associated independently with the spatiotemporal features and the surface features of an object. In other words, a previously attended colour value may be inhibited independently of the location where this colour appears, 3 and the position of the previously attended object (updated with motion) may be inhibited independently of the surface features present at that location. If so, then in the Experiment 2 colour-swap trials, inhibition of the surface features and spatiotemporal features of the attended object might have offset each other, as they were associated with different locations in the target display.
EXPERIMENT 3
The results from Experiment 2 suggest that when the same surface feature values are present before and after motion, surface feature information is used to compute object correspondence. In Experiment 2 (and in Experiment 1), spatiotemporal information was continuous and thus informative. To investigate whether colour continuity alone can support an object-based IOR, the paradigm was again modified to eliminate spatiotemporal continuity. Linking motion between the original and new locations was removed; the objects disappeared from their original locations, and after a blank ISI, appeared abruptly at their new locations. This procedure resulted in spatial ambiguity, because the objects' new locations were equidistant from each of their original locations (Mitroff & Alvarez, 2007) . The only information the participants could use for determining the cued and uncued object was surface features (i.e., colours).
The presence or absence of object-based IOR in this method can help to disentangle the possible explanations for the colour-swap effect in Experiment 2. The first possibility is that a discontinuity in an object's features can, if sufficiently salient, disrupt the computation of object persistence, eliminating object-based IOR. If spatiotemporal and surface feature information are in conflict, the presence of IOR therefore depends on whether consistency on one dimension is capable of overcoming the absence of consistency on the other. In Experiment 1, spatiotemporal consistency was sufficient to establish correspondence despite the fact that the objects changed to new colour values. In Experiment 3, the presence/absence of object-based IOR will indicate whether surface feature consistency is 3 There is some evidence indicating inhibition associated with colour. Law, Pratt, and Abrams (1995) measured IOR with a colour discrimination task, and showed that participants were slower to detect a coloured object when its colour matched a previously attended colour. An important limitation of that study, however, is that both cued and uncued object were presented at the centre of the screen. Therefore, this type of inhibition is not object-based, and is not directly related to the paradigm used in the present study. sufficient to establish correspondence despite the fact that the objects change to new locations.
The second possibility is that inhibition is directly associated with particular colour values and with particular spatiotemporal features, in which case surface feature and location inhibition would be established by separate inhibitory tags. In Experiment 3, there should be no inhibition associated with the new locations of the objects as there is no position continuity. Colour-based inhibition should still be functional, however, as the same colour values are present in the preview and target displays, and IOR should be found at the location of the previously attended colour value. This contrasts with the design of Experiment 2, in which inhibition associated with spatiotemporal and surface features potentially counteracted each other. Now, only surface feature inhibition should be operational, and thus a significant delay in orienting to the previously attended colour should be observed.
In sum, the ''disruption of object correspondence'' account holds that colour continuity will support object-based IOR only if the match is sufficiently strong to overcome the presence of a spatiotemporal discontinuity. The ''separate inhibitory tags'' account predicts that colour continuity should generate IOR in a manner that is largely independent of spatiotemporal continuity, as the inhibitory tag associated with the previously attended colour is separate from the tag associated with the previously attended location.
Method
Participants. Twenty-one undergraduate students from the University of Iowa participated in this experiment for course credit. Data from six participants were excluded for the same reason as that described in Experiment 1. 4 None of the participants had taken part in previous experiments.
Stimuli and apparatus. The same stimuli as in Experiment 2 were used in this experiment. In all trials, the disks had different colours, randomly chosen from three colours used in Experiment 2.
Procedure. The procedure was the same as in Experiment 2 except that there was no linking motion. After the peripheral and central cueing, the disks disappeared for 250 ms, and then reappeared 908 (in polar coordinates) away from their initial positions (either clockwise or counterclockwise). As in the previous experiments, the target dot appeared on either the cued or uncued disk after a 250 ms delay.
Unlike Experiments 1 and 2, there was now only one factor: Target location (cued colour, uncued colour).
Data analysis. As in the previous experiments, trials on which the participant was not fixating the central fixation when the target dot appeared or did not make a saccade to the target were excluded from the analysis. Latencies faster than 110 ms (4.0% of the data) or slower than 450 ms (2.6% of the data) were also eliminated. A total of 32.1% of the trials were eliminated from the analyses of Experiment 3.
Results and discussion
Because there was no linking motion, the only information participants could use for object correspondence was the colours of the disks. Therefore, the magnitude of IOR was calculated as the difference in saccade latencies to the objects with the cued and uncued colours.
The saccade latency data is presented in Figure 4 . There was no significant difference between saccade latencies to the target dot when it appeared in an object with the cued and uncued colour, F(1, 14) 02.74, p0.12. This result suggests that colour information alone is not sufficient to establish object correspondence, at least in the present paradigm.
Experiment 3 was designed to test the possibility that surface feature information alone can be used to compute object correspondence. No 
SURFACE FEATURE CONTINUITY
significant object-based IOR effect was observed, suggesting that colour was not sufficient in this experiment to establish correspondence in the presence of a salient spatiotemporal discontinuity. This result is potentially difficult to reconcile with the idea that colour and location receive separate inhibitory tags. The only possible source of inhibition in Experiment 3 was colour based, and if the previously attended colour value had been tagged for inhibition, IOR should have been observed. The results are therefore consistent with the hypothesis that both spatiotemporal and surface feature information contribute to defining the persisting objects of object-based IOR. There is one circumstance in which the Experiment 3 results might still be consistent with a ''separate inhibitory tags'' account. It is possible that the removal of the two objects before the change in position might have been perceived as removal of the entire scene, ''resetting'' the inhibitory tags that had been assigned to the colours. Such an account is broadly consistent with evidence that scene removal eliminates IOR (Klein & MacInnes, 1999; Mü ller & von Mü hlenen, 2000; Takeda & Yagi, 2000) . Thus, we cannot discount entirely the possibility that colour received independent inhibitory tags. However, one reason to be cautious in endorsing this alternative is that the fixation cross remained visible even when the objects were removed, providing some scene-level continuity across the trial. A stronger test of this possibility would be to include additional static, contextual structure to the display so that the removal of the object stimuli could not be plausibly interpreted as a change in the scene as a whole.
GENERAL DISCUSSION
In the present study, we investigated the contributions of spatiotemporal and surface feature information to object correspondence across three experiments. Object-based IOR provided a measure of object correspondence. The spatiotemporal and/or surface feature properties of the objects were manipulated. In Experiment 1, significant object-based IOR was observed both when the objects retained their colours throughout the trial and also 5 Although we found no significant effect of colour change in Experiment 1, Moore and Enns (2004) found that a salient change in colour disrupts object continuity in an apparent motion paradigm. There are at least two significant differences between the apparent motion and object-based IOR paradigms. First, in their apparent motion paradigm, there is only one object in the display, and participants' attention is allocated to that object throughout the trial. Therefore, a colour change may be more noticeable because the object is in the focus of attention. However, in our object-based IOR paradigm, there were two objects in the display which could have resulted in a broader distribution of attention or dividing attention between two objects. In that case, the disruptive influence of colour change may have been weakened. when they changed their colours while moving to new locations. 5 In Experiment 2, IOR was eliminated when the objects swapped colours during motion. In Experiment 3, colour information alone was not sufficient to establish object correspondence in the presence of a salient spatiotemporal discontinuity.
These results indicate that both spatiotemporal and surface feature information contribute to defining the persisting objects of object-based IOR. In Experiment 2, object correspondence could have been established solely on the basis of spatiotemporal properties of the objects; each object moved on a smooth and continuous path to its new location. Thus, the finding of a surface feature effect on IOR is inconsistent both with the view that object correspondence operations consult only spatiotemporal features (Kahneman et al., 1992) and with the view that surface features are consulted only when spatiotemporal information is absent or ambiguous (Flombaum et al., 2009; Scholl, 2007) . Instead, the results are consistent with a growing body of evidence that surface feature continuity plays a significant role in computing online object correspondence across the brief episodes of change and disruption that characterize real-world vision (Feldman & Tremoulet, 2006; Hollingworth & Franconeri, 2009; Moore & Enns, 2004; Moore et al., 2007 Moore et al., , 2010 .
Although the results of Experiment 2 demonstrated a role of surface feature continuity in establishing object-based IOR, there was an asymmetry between the colour and spatiotemporal results in Experiments 1 and 3. Specifically, the results of Experiment 1 suggest that spatiotemporal information was sufficient to establish object correspondence in the presence new colour values in the display. In contrast, the results of Experiment 3 showed that surface feature information was not sufficient to establish correspondence in the presence of new position information in the display. The asymmetry is consistent with a recent study of static IOR (Hilchey, Ivanoff, Taylor, & Klein, 2011) in which position information was found to provide a greater contribution to IOR effects than identity information. However, comparison of the relative contributions of spatiotemporal and surface features to object-based IOR is complicated by difficulties in equating the salience of a particular change in each domain. That is, one would need to control or manipulate the low-level salience of, for example, a change in colour versus a change in location. Such cross-dimensional assessments of low-level change are exceedingly difficult. It might be the case that the location change in Experiment 3 was simply more perceptually salient than the change in a single surface feature attribute, colour, in Experiment 1: Although the object's colour changed, many of the surface feature properties of the objects did not (e.g., size, shape, and texture). Therefore, changes in multiple surface features, like colour and shape, may make the change perceptually more salient, and increase the effect of surface features on object correspondence. Thus, we can conclude that both surface features and spatiotemporal features contribute to object-based IOR, but it would be premature to draw strong conclusions about the relative importance of the two sources of information.
